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The regularity with which the minute Gram-negative bodies, tenta- 
tively designated coccobacilliform bodies, were found in films of exu- 
date from birds experimentally infected with the coryza of slow onset 
was suggestive evidence that they were of etiological significance.  This 
view was supported by the observed infectivity of nasal exudate which 
contained  only  the  coccobacilliform  bodies,  no  other  agent  being 
demonstrable  microscopically,  culturally,  or  by  filtration  (1).  To 
establish  a  causal  relation  between  these  bodies  and  the  coryza, 
however, it  was  essential that  they be  separated from exudate and 
obtained  in  a  relatively pure  state.  Since growth had  never been 
observed in nutrient media enriched with blood and other substances, 
it was evident that the usual  cultural methods would be of no assist- 
ance.  Centrifugation  was attempted  but  proved to be impractical. 
Attention was finally directed to the procedures which have proved 
successful in the cultivation of the filterable viruses and the rickettsiae, 
namely: the egg membrane method of Woodruff and Goodpasture (2) 
and the tissue culture method of Li and Rivers (3).  The present paper 
is concerned with the behavior of the coccobacilliform bodies in these 
media. 
Cultivation  of the  Coccobaciltiform  Bodies  in  the  Fetal  Membrane  of 
Fertile Eggs 
Preliminary observations on the inoculation of fertile eggs in  the 
10 day stage, which are usually employed in cultivating the filterable 
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viruses, were disappointing.  Most  of the  treated  eggs continued  to 
develop normally and  when  opened  failed  to  show  any  trace  of  the 
bodies.  It was subsequently found, however, that eggs in an earlier 
state of development, inoculated on about the 4th day of incubation, 
provided fairly satisfactoryconditions for multiplication. 
The initial inoculum used in all the following experiments was nasal exudate 
from infected birds of a group in which the coryza of slow onset had been main- 
tained over a  period of months by serial passage (4).  While the exudate from 
the nares or the nasal passages of these birds almost invariably contains readily 
cultivable bacteria, that from the infraorbital sinuses  not infrequently is sterile 
under ordinary cultural conditions.  A presumptive bacteriological appraisal of 
exudate removed from the sinuses  and suspended in saline  was made by micro- 
scopic examination, the exudate being from birds which  had shown a  nasal dis- 
charge for only a few days.  If Gram-stained film8 showed coccobacilliform bodies 
but no bacteria, approximately 0.1  cc.  of the  suspension  was added  to sterile 
defibrinated horse blood at the base of a  nutrient agar slant.  The culture was 
incubated at 37°C. for 24 hrs.  If no bacteria were observed either microscopically 
or macroscopically, the suspension  which had been kept meanwhile in the ice box 
was used for inoculation.  Exudate which  showed bacteria either  in  the  pre- 
liminary fiirnq or in cultures was discarded. 
The Inoculation of 10-11 Day Eggs 
Fertile eggs which had been incubated for 10-11  days in a  poultry incubator 
at 40°C. were first employed.  A small window 8 x 10 ram. was cut through the 
outer shell  using a  diamond pencil and a  pair of small, sharp pointed scissors. 
With a capillary pipette several drops of the exudate suspension  were implanted 
on the fetal membrane and the opening sealed with vaseline and a sterile  cover- 
slip.  The inoculated eggs were again incubated at 40°C. and examined daily to 
determine  their  condition.  Activity of  the  living  embryo was  clearly visible 
through the coverslip.  If there was no evidence of life the opening in the shell 
was enlarged sufficiently  to remove the membrane about the site of inoculation. 
Films prepared by crushing  small pieces  of membrane in  distilled  water on  a 
slide  were  Gram-stained,  using  carbolfuchsin  diluted  1-4  with  water  as  the 
counterstain. 
Three  of four  10  day  eggs each  contained  a  well developed living 
embryo when opened on the  5th  day  after inoculation.  The  fourth 
egg was opened on the 2nd day and showed a  poorly developed inac- 
tive  embryo.  Coccobacilliform  bodies  were  not  found  in  films 
prepared  from  the  membranes  of  the  four  inoculated  eggs.  Four 
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films.  These eggs were all opened on the 8th  day after inoculation. 
In three eggs the embryos, although large and well developed, were 
inactive at this time.  They had, however, shown activity through 
the 7th day following inoculation.  The embryo in the fourth egg was 
still alive when examined. 
The Inoculation of 3-4 Day Eggs 
In a  preliminary experiment it was found that the inoculation of 
3-4  day  eggs  was  attended,  in  some  cases,  by  the  appearance  of 
coccobacilliform  bodies  in  the  fetal  membranes.  A  considerable 
number of inoculations were subsequently made in such eggs,  generally 
4 day eggs, to determine the distribution of the coccobacilliform bodies 
in the egg, their effect on the embryo, and whether successive egg to 
egg transfer could be made. 
Three separate series of inoculations in 3-4 day eggs were conducted, in each 
case using exudate as the initial inoculum.  Thereafter, transfers were made from 
egg to egg, inoculating with a suspension of finely  divided membrane in 0.5 cc. 
of saline.  Two to five eggs were inoculated with each passage.  The membrane 
suspensions were tested for sterility by subculturing in horse blood agar.  The 
inoculated eggs were incubated at 40°C. and examined daily.  They were gen- 
erally opened on the 3rd day when films were made from the membrane and in 
some cases from the amniotic fluid and  the embryo.  In particular  instances 
histological sections were prepared from the membranes.  The sections were cut 
to 5/z and stained with phloxin-methylene  blue. 
In two series successful transfer of the coccobacilliform bodies was 
made through 6 consecutive passages and in the third series through 
11  passages.  Termination of the  serial  transfer was intentional in 
each case.  Approximately 50 per cent of the inoculated eggs showed 
coccobacilliform bodies  in  the  fetal  membranes,  the  actual  figures 
being 46 positive and 48 negative.  A total of 94 eggs was employed 
in the three series and of these only six showed an active living embryo 
on the 3rd day after inoculation (usually the 7th day of life).  The 
specific bodies were found in only one of the six eggs with live embryos. 
In  general  the  inoculated eggs  fell into  three  groups.  The  first 
group comprised the eggs which showed when opened a well preserved 
and well developed embryo, with a transparent membrane and a clear 
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that the embryo had undergone some development following inocula- 
tion.  28  of the 46 positive eggs and 12 of the 48 negative eggs may 
be classed in this group.  The second group comprised the eggs which 
gave  indication  of a  prompt  cessation  of growth after inoculation. 
The embryo was small and less developed than those in the first group, 
the  fetal  membranes were  opaque,  and  the  amniotic  fluid  turbid. 
18 of the positive and 21 of the negative eggs fell in this group.  The 
third group comprised the eggs which showed a bacterial contamina- 
tion  coincident in  most  cases with  extensive autolytic or  digestive 
changes.  This group included only a single positive egg but numbered 
15 negative eggs. 
Distribution of the CoccobaciUiform Bodies in Inoculated Eggs 
The  coccobacilliform  bodies  in  membrane  films  were  identical 
morphologically with those in exudate but in general were considerably 
more numerous in the former case, only rarely being so sparse as to 
require a  prolonged search.  They were predominantly extracellular 
and commonly arranged in irregular or roughly spherical groupings 
which were frequently in close proximity to tissue cells.  The bodies 
were also  found as  discrete or paired  units.  Occasionally they ap- 
peared to lie within tissue cells.  In such cases, however, it would be 
difficult to prove that they were not on rather than in the cell. 
The coccobacilliform bodies were never found in films made from 
the embryo even though they were numerous in the fetal membrane. 
Their certain detection in  amniotic fluid was made difficult by the 
frequent presence of Gram granules of varying size, particularly in 
fluid  from  eggs  which  gave  evidence  of  degenerative  or  autolytic 
changes.  In most cases it seemed probable that the bodies were not 
present.  Prolonged  microscopic  examination  of  films  from  horse 
blood  agar  slants  liberally  inoculated  with  membrane  material 
regularly failed to reveal the specific bodies. 
Pathological Changes in Inoculated Eggs 
Macroscopically there were no obvious pathological changes which 
could be attributed to  the coccobaciUiform bodies.  The fetal mem- 
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usually soft and cloudy but this change was no more pronounced in the 
presence of the bodies than in their absence. 
The histopathology of membranes from inoculated eggs  was not 
studied extensively.  Sections from positive eggs with well developed 
embryos  showed  irregular  ectodermal  thickenings  together  with 
degenerative changes as well as necrosis of cells.  Mononuclear cells 
were often encountered, particularly in the mesoderm.  Occasionally 
there  was  an  infiltration  of  cells  resembling  leucocytes.  Similar 
though less extensive changes were also observed in the absence of the 
specific bodies.  While these changes may be indicative of a reaction 
to traumatic injury, it seems probable that they are in part referable 
to  the  multiplying  coccobacilliform  bodies  and  that  both  factors 
contribute to the ultimate death of the embryo. 
Extracellular  and  less  commonly  intracellular  coccobaciUiform 
bodies were generally found in sections of membranes which showed 
them in films.  In some cases they were particularly conspicuous in 
the mesoderm where they evidently multiply in the intercellular spaces 
forming wreaths about the mesodermal cells.  In sections stained with 
phloxin-methylene  blue the specific bodies stain a deep blue. 
Growth of the Coccobacilliform Bodies in 9 Day Eggs 
A single additional experiment indicated that the coccobacilliform 
bodies were potentially capable of multiplying in  older eggs  if the 
conditions were favorable.  Four 9 day eggs were inoculated with a 
saline  suspension  of  membrane from 4th  passage  eggs  in  series  3. 
The eggs were opened on the 3rd day after inoculation at which time 
the  embryo  was  inactive  in  each  case.  .Two of  the  eggs  showed 
numerous specific bodiesin the fetal membranes.  It seems probable 
that  multiplication in  these eggs is  conditioned by an  inactivation 
of the embryo brought about by other causes. 
Cultivation of the Coccobacilliform Bodies in Tissue Culture 
The preceding experiments clearly demonstrated that  the  cocco- 
bacilliform bodies of fowl coryza were cultivable in  the fetal mem- 
branes  of  fertile eggs.  Because of  the  uncertainty of obtaining  a 
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for routine cultivation.  Accordingly, attention was directed towards 
growing the bodies in tissue culture. 
The method employed was essentially that of Li and Rivers; using, however, 
test tubes instead of flasks.  Traub  (5) had successfully  employed tubes in the 
cultivation of pseudorabies virus as had also Dochez, Mills, and Kneeland (6) 
in the case of the common cold virus of man.  The technic which was finally 
adopted entailed the suspension of approximately 75 rag. of finely minced 10 day 
chick embryo tissue (the eyes were removed from the embryos before mincing) 
in 5.0 cc. of Seitz-filtered  Tyrode's solution in test tubes with an inside diameter 
of approximately 15 ram.  Since  these tubes were not selected for size, the height 
of the column of fluid  varied somewhat but was in the vicinity of 3.5 cm. 
Freshly prepared tissue culture medium was usually incubated for 24 hours 
at 37°C. prior to use.  Bacteria grow vigorously in the medium and if contami- 
nants are present a clouding of the superuatant  is generally apparent  after a 
day's incubation.  Observing ordinary aseptic precautions, little  difficulty was 
experienced with contaminated tubes.  The  medium was commonly prepared 
twice a week; one embryo providing sufficient  material for 15-18 tubes. 
In carrying stock cultures of the specific bodies a liberal inoculum was used, 
several drops of fluid containing tissue fragments being added.  The inoculated 
tubes were examined after 24 and 48 hours at 37°C., films being made from the 
superuatant as well as the sedimented tissue and Gram-stained. 
Two  isolations  of  the  coccobaciUiform bodies  were  made  from 
exudate and the cultures maintained over a  period of weeks by suc- 
cessive subinoculations at intervals of 24 to 72 hours.  The first strain 
was isolated in November,  1935,  and has been  carried through 100 
generations.  The second strain originally obtained in March,  1936, 
is now in its 37th subculture. 
Distribution of the Coccobacilliform Bodies in Tissue Cultures 
The specific bodies are readily found in the sedimented tissue of an 
inoculated culture  tube  and  also  in  the  supernatant,  regardless  of 
whether or not the tube has been disturbed since inoculation.  Growth 
is generally apparent  after 24  hours'  incubation but  occasionally is 
delayed until the 2nd day.  In the fluid portion of the medium the 
specific bodies are discrete or in small groupings.  In a 24 hour culture 
they are well stained and sharply outlined, being readily differentiated 
from extraneous granular material.  The bodies are rather sparsely 
distributed in the  supernatant but  appear  nevertheless to impart  a 
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suspended bodies or in part to material derived from the tissue frag- 
ments as the result of autolytic changes is uncertain.  A  difference 
between  the  supernatant  tubidity  of  inoculated  and  uninoculated 
tubes is detectable only in freshly prepared media.  In media which 
have been stored for several days and then incubated, the supernatant 
acquires a distinct cloudiness as the result of tissue disintegration. 
While the coccobacilliform bodies unquestionably multiply in the 
nearly  cell-free  supernatant of inoculated tissue cultures,  the chief 
site of multiplication is in the sedimented tissue fragments.  Tissue 
films  from  a  24  hour  culture  generally  show  numerous bodies  as 
discrete  units  or  in  groups  of  varying  size.  They  are  frequently 
grouped around tissue cells or embedded in what appears to be dis- 
integrated tissue.  They may also appear to lie within intact tissue 
cells, large groupings of which are often present.  In this case they are 
to  all  appearances intracellular.  It  seems unlikely that  they have 
simply been caught by the cells in preparing the film.  If the medium 
is inoculated by adding a drop of culture to the supernatant without 
shaking, multiplication of the bodies in the sedimented tissue may be 
delayed. 
Fragility of the Coccobacilliform Bodies in Tissue Culture 
In  tissue  cultures  the  coccobacilliform bodies  quickly  lose  their 
staining  affinity  and  sharpness  of  definition  and  become  faintly 
stained particles with a  hazy outline which are hard to differentiate 
from extraneous granules.  This change may occur as early as  the 
3rd day in cultures which have shown numerous well defined bodies 
after  24  hours of incubation.  Such cultures may,  however,  retain 
their viability for a week or longer if kept at ice box temperature and 
give rise to a new generation of deeply stained and  sharply outlined 
bodies upon transfer to fresh tissue culture medium. 
Identification  of the Coccobacilllform Bodies in Fetal Membranes and in 
Tissue Culture 
Comparatively little difficulty has been experienced in the micro- 
scopic identification of the coccobaciUiform bodies either in the fetal 
membranes of fertile eggs or in tissue cultures.  As previously noted, 
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autolytic or disintegrative changes may constitute a  source of confu- 
sion.  In well preserved membranes and in  freshly prepared tissue 
cultures there are surprisingly few particles which might be mistaken 
for the specific bodies.  There are encountered, from time to time, in 
freshly prepared tissue culture medium spherical cells of small size but 
averaging somewhat larger than the coccobacilliform bodies.  These 
granules are weakly Gram-positive but some of them are  generally 
decolorized.  They may be discrete or in small groups, are generally 
extracellular but may also be intracellular, and vary in numbers from 
few to many.  Usually they are not present in all the tubes of a given 
lot of medium and often are not encountered at all.  It seems probable 
that  they  are  cell granules of some kind as  there is  no  indication 
that  they are transferable in series or cultivable in other media.  In 
spite of their staining reaction they may  constitute a  source of error 
for an inexperienced observer. 
DISCUSSION 
Multiplication of the coccobacilliform bodies of fowl coryza outside 
the  host  is  clearly  established  by  the  experiments  here  reported. 
Suitable environmental conditions for growth are supplied by the fetal 
membranes of fertile eggs in about the 4th day stage and by tissue 
cultures. 
Unlike  the  rickettsiae  and  the  filterable viruses the  fowl  coryza 
bodies are not readily cultivable in the membranes of 10 day eggs. 
The membrane relations of eggs in these respective stages of develop- 
ment are  quite  different.  In  the  10  day  egg the  fetal  membrane 
comprises an outer chorionic and an inner allantoic portion.  In the 
4  day  egg the  allantoic membrane has  just begun to  develop and 
essentially only a chorion is present.  Woodruff and Goodpasture (2) 
noted that  membrane inoculation with  f0wl pox  virus in  embryos 
younger than the 6 day stage was usually unsuccessful.  The injuries 
attendant on inoculation generally resulted in an early death of the 
embryo.  This effect was well brought out in  the present series in 
which only five of 94 inocfllated eggs, in the 3-4 day stage,  showed 
living embryos on the 3rd day of incubation in spite of the fact that the 
specific bodies failed to  develop in 48  per  cent of them.  It  seems 
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growing 10 day egg to prevent multiplication of the introduced bodies 
and that  growth does occur only when the embryo is  accidentally 
inactivated.  The greater frequency of multiplication in 4  day eggs 
may well be correlated with the greater susceptibility of such eggs to 
traumatic injury with subsequent inactivation of the embryo. 
Death of the  embryo does not  necessarily imply the  immediate 
death of its  component cells or those of the supporting fetal mem- 
branes.  There was a  suspicion,  however, from the behavior of the 
coccobacilliform bodies in inoculated eggs  that living cells were not 
essential for their growth as in  the case of the rickettsiae and the 
filterable viruses.  There was also  a  suggestion from the manner in 
which the specific bodies multiplied in tissue cultures that they were 
capable  of  independent growth in  a  suitable  fluid  medium in  the 
absence of living cells.  These observations which have been confirmed 
and extended by other experiments, to be reported later, appear to 
preclude the classification  of the coccobacilliform bodies with either 
the rickettsiae or the filterable viruses. 
SUMMARY 
The  coccobacilliform  bodies  of  fowl  coryza  were  successfully 
cultivated in the fetal membranes of fertile eggs.  Microscopic exami- 
nation indicated growth in approximately 50 per cent of 94 eggs in- 
oculated on the 3rd to 4th day of incubation.  Growth was generally 
inhibited, however, in eggs inoculated on the  10th  day.  One strain 
of the specific bodies was maintained through 11  successive passages 
in 4 day eggs. 
A  more  consistent  growth  of  the  coccobacilliform  bodies  was 
obtained in  tissue  cultures.  One  strain,  originally isolated  in  No- 
vember, 1935, has been carried through 100 successive subcultures at 
intervals  of  1-3  days.  The  specific  bodies  fail  to  maintain  their 
morphological identity for any length of time in this medium. 
It is noted that growth of the coccobacilliform bodies in fertile eggs 
and in tissue cultures is not dependent on the presence of living cells. 
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EXPLANATION OF PLATE  41 
FIo.  1.  Extracellular  coccobacilliform  bodies  in  the  fetal  membrane of  an 
inoculated 4 day egg.  Gram-stained film.  ×  920. 
Fxo. 2.  Coccobacilliform  bodies outlining mesodennal cells in fetal membrane 
of an inoculated 4 day egg.  Section (5~)  stained with phloxin-methylene blue. 
×  920. 
FIo. 3.  Intracellular coccobacilliform bodies in tissue fragment from a 24 hour 
tissue culture.  Gram-stained film.  X 920. 
FIO. 4.  Coccobac'flliform bodies in  disintegrating  tissue from sediment  of s 
24 hour tissue culture.  Gram-stained film.  ×  920. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  64  PLATE 41 
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